INTRODUCTION {#sec1-1}
============

Colorectal cancer (CRC) is a public health issue with an estimated 832,000 mortalities globally in 2015,\[[@ref1]\] in addition to its associated morbidity, cost, and the productivity loss for those affected. In Saudi Arabia, CRC is the most common cancer in males, with an average annual age standardized rate (ASR) of 11.2/100,000, and it is the third most common cancer in females, with an average annual ASR of 9.1/100,000.\[[@ref2]\] Furthermore, CRC tends to affect the Saudi population at a younger age,\[[@ref3]\] and the 5-year survival rates are lower than those expected for matching stages in other populations.\[[@ref4]\]

The guidelines for CRC screening, including those from Saudi Arabia,\[[@ref5]\] vary in the screening method recommended, how frequent to repeat the tests, as well the ages at which to start and stop screening.\[[@ref6]\] The Saudi guidelines recommended CRC screening for average risk individuals to start from the age of 45 years, and colonoscopy was the recommended modality for screening; when not available, flexible sigmoidoscopy every 5 years with an annual guaiac fecal occult blood test (FOBT) or fecal immunochemical testing was recommended. This variability in recommendation between guidelines reflects the variability in baseline risks and resources available for such programs. Although the Saudi guidelines for CRC screening have been disseminated, screening has been performed on an opportunistic basis rather than a national level. Also, the Saudi guidelines were based on limited data,\[[@ref7][@ref8]\] and assessing the acceptance of the public for CRC screening would be needed prior to any investment in the initiation of a national program.

This study aimed to examine the acceptance of the public to undergo CRC screening and to explore potential barriers to CRC screening using the Health Belief Model (HBM), through a nationwide survey using an electronic platform to assess possible uptake of screening if a national program would be launched in Saudi Arabia.

MATERIALS AND METHODS {#sec1-2}
=====================

Demographic variables collected included the area where the participant resides, sex, age, highest education level obtained, marital status, employment, family history of CRC or having a friend with CRC, and monthly income. We also gathered information with regard to previous screening for CRC. We used the HBM to assess attitudes and behaviors of participants as well as assessing the knowledge and intent to undergo CRC screening and perceived barriers to CRC screening.

Survey tool: The Health Belief Model {#sec2-1}
------------------------------------

The HBM is a sociopsychological model that explains health-seeking behavior of individuals by focusing on the attitudes and behavior that are influenced by perceived susceptibility, severity, benefit, barriers, and cues to actions\[[@ref9]\] \[[Figure 1](#F1){ref-type="fig"}\]. It was adopted in this study because of its extensive use in assessing the construct of health-seeking behavior pertaining to uptake of cancer screening in general and CRC screening in particular, and is one of the most valid tools to measure such an association.\[[@ref10]\] Although there is no validated translated version into Arabic, it was converted into an Arabic version and reviewed by two bilingual epidemiologists and a gastroenterologist and used in the original Arabic study that was used in Riyadh\[[@ref11]\] and has been reproduced in other publications.\[[@ref12][@ref13]\]

![Directed acyclic graph (DAG) of the Health Belief Model](SJG-25-27-g001){#F1}

The knowledge section in the survey included questions pertaining to CRC symptoms and risk factors, types of CRC screening tests, perceived risk of CRC, and perceived severity of CRC. A knowledge score according to correct responses to the questionnaire was used as a continuous variable when analyzing the data. Each correct response was appointed a single point and the maximum score that could be achieved was 26.

Attitudes toward CRC and screening were assessed using a 5-point Likert scale ranging from "strongly agree" to "strongly disagree", and the participants were asked about which screening test would be acceptable to them; each of these screening options was illustrated by figures and text in Arabic in layman terms describing each test, time intervals between each test, and the benefits and limitations of each of them. We included the following CRC screening tests as possible options: FOBT, colonoscopy, flexible sigmoidoscopy, or computed tomographic colonography (CTC).

We also asked the participants about the age at which CRC screening should begin; this was categorized into five age ranges starting at the age of 20 years till the age of 70 years. At the end of the survey, the participants from Riyadh were asked whether they would like to get screened; if they accepted the invitation, they were asked to enter their contact details so that they would be enrolled in a subsequent study using a stool-based test as a screening modality for CRC screening at a later date.

Survey delivery method {#sec2-2}
----------------------

The 48-item survey was administered through Qualtrics (Provo, UT, USA).\[[@ref14]\] The first screen of the survey after the participant would access the link, explained the reason for the study and was for the purpose of obtaining an informed consent from the participant and was a prerequisite to continue in the survey.

The survey was disseminated through a number of methods: text messaging through a mobile network provider to the general population with the aim of capturing a representative sample from different areas of Saudi Arabia. We also used the snowball sampling method (a non-probability sampling technique) where participants could recruit future subjects through forwarding the link of the survey to other individuals through social media platforms or emails.

Statistical analysis {#sec2-3}
--------------------

Descriptive statistics were computed for continuous variables, including minimum and maximum values, means, standard deviations (SDs), as well as 95% confidence intervals (CIs) and frequencies for categorical variables when appropriate. If hypothesis testing was used, Pearson\'s Chi-square *t-*test and, where appropriate, Fisher\'s exact tests were used.\[[@ref15]\] A one-way analysis of variance to test for differences among groups when comparing more than one group was performed when appropriate.

Univariate and multivariate logistic regressions were used to examine the possible associations between independent variables and the acceptance to the invitation to undergo CRC screening. Odds ratios and 95% CIs were calculated. A Bonferroni adjustment for multiple comparisons was made. A backward selection method was used to determine the variables to be included in the final model. The goodness of fit for the multivariate model was based on Akaike information criteria.

R Studio\[[@ref16]\] was used for analysis using the R statistical language.\[[@ref17]\] Numerous statistical packages were used for statistical calculations and data visualization.\[[@ref18][@ref19][@ref20][@ref21][@ref22][@ref23][@ref24][@ref25][@ref26][@ref27][@ref28][@ref29][@ref30][@ref31][@ref32]\] A statistical significance threshold of *P* = 0.05 was adopted. No attempt at imputation was made for missing data.

RESULTS {#sec1-3}
=======

Demographics of those who responded to the survey {#sec2-4}
-------------------------------------------------

In all, 5720 individuals responded to the survey and were included in the analysis. There were participants from all the 13 jurisdictions of the Kingdom of Saudi Arabia. The composition of the participants from these areas varied in age and occupation. The major demographic features are shown in [Table 1](#T1){ref-type="table"}. The majority of the respondents were males (71.53% vs. 28.47%), and the mean age of the participants was 43.28 years (95% CI; 42.88--43.69, range 18--78 years) with males being older (47.84) than females (44.69), with *P* \< 0.01. Married individuals constituted 88.94%, 7.6% were single, 2.41% were divorced, while 1.06% were widows.

###### 

Basic demographics of the 5720 individuals who participated in the survey by area

                         Albaha   Aljawf   Almadinah   Alqaseem   Aseer   Eastern province   Ha'il   Jazan   Makkah   Najran   Northern territories   Riyadh   Tabuk   Total
  ---------------------- -------- -------- ----------- ---------- ------- ------------------ ------- ------- -------- -------- ---------------------- -------- ------- -------
  Age (years)                                                                                                                                                          
   Mean                  44.95    48.43    46.18       49.29      43.31   47.88              46.96   41.21   47.35    44.92    46.25                  47.12    43.51   43.28
   Std. dev.             10.72    11.76    10.14       9.54       6.81    8.47               8.19    7.18    9.00     6.80     6.57                   9.79     8.64    11.70
  Sex                                                                                                                                                                  
   Female                20.59    10.00    20.86       18.52      13.94   36.76              28.26   7.69    24.38    9.09     18.52                  34.44    21.54   28.47
   Male                  79.41    90.00    79.14       81.48      86.06   63.24              71.74   92.31   75.62    90.91    81.48                  65.56    78.46   71.53
  Education                                                                                                                                                            
   Primary               NA       NA       NA          3.40       0.61    1.47               NA      9.62    1.24     NA       NA                     1.51     NA      1.53
   Middle                NA       NA       2.88        5.56       4.24    4.41               NA      3.85    3.81     4.55     11.11                  2.79     9.23    3.62
   High school           14.71    10.00    20.86       21.30      23.64   26.23              23.91   28.85   17.90    13.64    18.52                  17.83    35.38   19.73
   College/university    61.76    80.00    58.27       57.72      60.00   55.64              65.22   46.15   55.62    63.64    48.15                  58.01    49.23   57.06
   Higher studies        23.53    10.00    17.99       12.04      11.52   12.25              10.87   11.54   21.43    18.18    22.22                  19.86    6.15    18.06
  Employment                                                                                                                                                           
   Governmental sector   64.71    50.00    47.48       47.22      44.24   29.90              41.30   59.62   36.48    40.91    33.33                  40.94    38.46   39.91
   Housewife             2.94     NA       7.19        6.17       4.24    10.78              6.52    1.92    9.14     4.55     NA                     10.51    12.31   9.15
   Military sector       5.88     10.00    6.47        4.01       19.39   12.01              10.87   11.54   6.95     31.82    22.22                  7.72     24.62   8.66
   Private sector        5.88     10.00    9.35        10.49      7.27    17.16              10.87   9.62    18.67    NA       11.11                  14.23    7.69    14.54
   Retired               11.76    30.00    17.99       24.07      16.97   24.26              23.91   7.69    21.43    9.09     18.52                  19.40    13.85   20.35
   Self-employment       2.94     NA       5.76        3.70       4.24    3.43               2.17    NA      3.71     9.09     3.70                   2.61     NA      3.20
   Student               2.94     NA       4.32        0.93       1.21    1.47               4.35    5.77    1.52     4.55     7.41                   2.56     1.54    2.14
   Unemployed            2.94     NA       1.44        3.40       2.42    0.98               NA      3.85    2.10     NA       3.70                   2.03     1.54    2.04
  Income                                                                                                                                                               
   Less than 5000        11.76    10.00    12.95       15.12      10.91   12.75              15.22   17.31   15.90    18.18    14.81                  13.76    16.92   14.30
   5000-9000             32.35    20.00    24.46       20.68      20.00   22.79              17.39   28.85   18.00    9.09     11.11                  18.64    18.46   19.44
   10,000-19,000         47.06    50.00    47.48       51.23      54.55   40.20              56.52   44.23   43.05    40.91    29.63                  39.84    56.92   43.01
   20,000-29,0000        8.82     20.00    9.35        8.95       10.91   12.75              8.70    5.77    12.95    13.64    18.52                  14.63    4.62    12.87
   30,000-39,000         NA       NA       1.44        2.16       2.42    4.90               2.17    3.85    4.67     9.09     11.11                  6.39     1.54    4.95
   More than 40,000      NA       NA       4.32        1.85       1.21    6.62               NA      NA      5.43     9.09     14.81                  6.74     1.54    5.44
  Marital status                                                                                                                                                       
   Divorced              NA       NA       0.72        0.93       NA      2.94               NA      NA      3.24     4.55     NA                     2.50     6.15    2.41
   Married               91.18    80.00    90.65       94.14      92.73   89.71              84.78   86.54   87.81    81.82    88.89                  88.27    89.23   88.95
   Single                8.82     20.00    7.91        4.32       7.27    6.62               15.22   11.54   7.62     9.09     7.41                   8.13     3.08    7.58
   Widow                 NA       NA       0.72        0.62       NA      0.74               NA      1.92    1.33     4.55     3.70                   1.10     1.54    1.06

Most of the respondents were college or university graduates (57.06%), whereas those with postgraduate degrees and high school degrees comprised similar proportions (18.06% vs. 19.73%) respectively. Those with a middle school education were 3.62%, and 1.53% had a primary school education level. Government employees represented 39.91% of the respondents, followed by retired individuals (20.35%), employees in the private sector (14.54%), military personnel (8.66%), self-employed individuals (3.2%), whereas students were 2.14%. Housewives were 9.15%, and 2.04% were unemployed. The participants in the survey represented different strata of the community with regard to monthly income, as demonstrated in [Table 1](#T1){ref-type="table"}.

Baseline CRC screening rates {#sec2-5}
----------------------------

Of the participants who responded to the survey, 15.24% had already undergone CRC screening using various methods, with the most frequently used method being colonoscopy (72.73%), whereas stool-based screening was 13.94%, CTC 8.48%, and flexible sigmoidoscopy was used by 4.85%.

Knowledge score {#sec2-6}
---------------

The mean knowledge score in our current survey was 11.05 (SD 4.4, range 1--23), with no difference between males and females. Also, the average knowledge score was similar across all jurisdictions of the Kingdom of Saudi Arabia \[[Figure 2a](#F2){ref-type="fig"}\] and was not different between those who expressed interest in screening versus those who did not, neither between those who accepted the invitation to undergo CRC screening versus those who did not, in Riyadh \[[Figure 2b](#F2){ref-type="fig"}\].

![Violin plot of the knowledge score between (a) all jurisdictions of Saudi Arabia and (b) comparing those who accepted the invitation to undergo CRC screening with those who did not in Riyadh](SJG-25-27-g002){#F2}

Attitudes toward CRC, its screening, and colonoscopies {#sec2-7}
------------------------------------------------------

A Likert scale was used to measure the attitudes of participants. All the factors that have been explored by the HBM tended to point towards a positive attitude towards both CRC screening and colonoscopy as a screening tool \[Figure [3a](#F3){ref-type="fig"} and [b](#F3){ref-type="fig"}\]. This is even depicted in the heat plot of participants' answers to those questions \[Figure [4a](#F4){ref-type="fig"} and [b](#F4){ref-type="fig"}\] where statements like "If I had cancer I would not want to know" or "Colonoscopy is harmful" achieved low median scores, whereas statements like "Would undergo colonoscopy even if out-of-pocket" achieved high median scores. Figure [5a](#F5){ref-type="fig"} and [b](#F5){ref-type="fig"} demonstrate these details further, including not only the median and percentages of responses to these statements but also the distribution of answers obtained from the participants.

![Stack bars of answers to questions pertaining to the attitudes of participants toward (a) colorectal cancer and its screening and (b) colonoscopy](SJG-25-27-g003){#F3}

![Heat plot of answers to questions pertaining to the attitudes of participants toward (a) colorectal cancer and its screening and (b) colonoscopy](SJG-25-27-g004){#F4}

![Kernel plot distribution of answers to questions pertaining to the attitudes of participants toward (a) colorectal cancer and its screening and (b) colonoscopy](SJG-25-27-g005){#F5}

Appropriate age to initiate CRC screening {#sec2-8}
-----------------------------------------

Most of those surveyed thought that screening for CRC should start at the age of 40--49 years (49.6%) followed by the age range of 30--39 years (22.3%), and 16.4% thought it should start from 50 to 59 years of age. A minority thought that it should start between 60 and 69 years of age (2.6%), and 9% thought it should start between 20 and 29 years of age.

Which screening test participants would choose? {#sec2-9}
-----------------------------------------------

After adequate explanation of the screening methods with figures as well as the advantages and disadvantages of each modality of screening, the majority of participants chose colonoscopy as the screening modality of choice (34.6%) followed by stool-based testing (30.83%) and CTC (24.52%), and the least chosen option was flexible sigmoidoscopy with only 10.05% of the participants opting for that.

Willingness to undergo CRC screening {#sec2-10}
------------------------------------

The majority of the surveyed population was willing to undergo a screening test for CRC (73%), and the proportion increased to 80% if there was a family history of CRC. Colonoscopy was accepted as a screening test by most individuals (81%) and had a higher acceptance if the participant had to pay out of pocket (92%) as opposed to being free (56%).

Response to invitations to undergo screening for CRC {#sec2-11}
----------------------------------------------------

Interestingly, participants had a change of mind when they were invited to undergo CRC screening where people who strongly disagreed to undergo CRC screening accepted the invitation and others who had claimed that they strongly wanted to undergo screening declined \[[Figure 6](#F6){ref-type="fig"}\].

![The respondents from Riyadh were invited to undergo screening for colorectal cancer and how they responded and how that correlated with how they answered in the questionnaire if they would like to get tested](SJG-25-27-g006){#F6}

Univariate analysis {#sec2-12}
-------------------

Factors that were associated with accepting the invitation to undergo screening for CRC were being a male, employed in the private sector and those who were retired, and those who thought that CRC was common, could present without symptoms, was curable, and was preventable. It was interesting that those who wanted to know whether they had cancer also were more likely to accept the invitation to undergo CRC screening. Also, those who said that they would not undergo screening colonoscopy if it were offered for free and those who were neutral were more likely to accept the invitation. In addition, those who thought that it was not useful were also more likely to accept the invitation. Factors associated with an increased probability of declining the invitation for screening for CRC included being a student, those who claimed that they would like to know whether they had cancer, those who somewhat agreed to undergo a colonoscopy if it was free of charge, and those who chose a CTC or a stool-based test as a method of screening \[[Table 2](#T2){ref-type="table"}\].

###### 

Probability of declining a screening test for CRC on univariate modeling

  Variable                                           Univariate model   
  -------------------------------------------------- ------------------ -------------
  Age                                                0.99               0.97-1.00
  Sex (male)                                         0.41\*             0.33-0.52\*
  Highest education level attained                                      
   Intermediate                                      0.82               0.43-1.56
   High school                                       1.05               0.60-1.83
   College                                           0.65               0.37-1.12
   Postgraduate                                      1.14               0.76-1.75
  Occupation                                                            
   Military sector                                   0.83               0.55-1.26
   Private sector                                    0.68\*             0.46-0.98\*
   Retired                                           0.70\*             0.51-0.94\*
   Self-employed                                     0.54               0.24-1.11
   Housewife                                         1.13               0.78-1.64
   Unemployed                                        0.64               0.27-1.42
   Student                                           3.15\*             1.47-7.32\*
  Monthly income (in Saudi Riyals)                                      
   5000-9000                                         0.74               0.51-1.07
   10,000-19,000                                     0.97               0.69-1.34
   20,000-29,000                                     1.00               0.71-1.40
   30,000-39,000                                     1.01               0.73-1.40
   \>40,000                                          1.14               0.88-1.49
  Marital status                                                        
   Married                                           1.06               0.53-2.19
   Single                                            1.86               0.85-4.21
   Widow                                             3.63               0.97-15.75
  Heard of CRC                                       0.81               0.56-1.17
  Think CRC is common                                0.70\*             0.56-0.87\*
  CRC can present                                    0.78\*             0.62-0.97\*
  without symptoms                                                      
  At what age should CRC screening start?                               
   30-39 years                                       1.49               0.94-2.40
   40-49 years                                       1.19               0.78-1.86
   50-59 years                                       1.43               0.89-2.34
   60-69 years                                       1.99               0.87-4.63
  Think CRC is curable                               0.62\*             0.42-0.91\*
  Think CRC is preventable                           0.70\*             0.50-0.99\*
  Think CRC is fatal                                 0.89               0.70-1.12
  If I had cancer I don't want to know\*                                
   Somewhat disagree                                 1.84\*             1.39-2.43\*
   Neither agree nor disagree                        0.79               0.61-1.04
   Somewhat agree                                    1.06               0.79-1.41
   Strongly agree                                    1.23               0.95-1.61
  Cancer scares me                                                      
   Somewhat disagree                                 1.14               0.83-1.57
   Neither agree nor disagree                        0.99               0.73-1.34
   Somewhat agree                                    1.00               0.76-1.30
   Strongly agree                                    1.17               0.90-1.51
  I would accept colonoscopy if it were for free\*                      
   Somewhat disagree                                 0.22\*             0.15-0.34\*
   Neither agree nor disagree                        0.54\*             0.37-0.79\*
   Somewhat agree                                    1.87\*             1.35-2.61\*
   Strongly agree                                    0.86               0.67-1.11
  Screening is useful\*                                                 
   Somewhat disagree                                 0.21\*             0.03-0.71\*
   Neither agree nor disagree                        1.94               0.70-9.58
   Somewhat agree                                    0.53               0.19-1.21
   Strongly agree                                    1.16               0.70-2.01
  Which screening test would you chose?\*                               
   CTC                                               2.05\*             1.51-2.78\*
   Stool-based testing                               2.87\*             2.17-3.81\*
   Flexible sigmoidoscopy                            1.49               0.99-2.22
  Knowledge score\*                                  0.96\*             0.93-0.99\*

CRC: Colorectal cancer; CI: Confidence interval; CTC: Computed tomographic colonography. \*Statistically significant

Multivariate analysis {#sec2-13}
---------------------

On multivariate analysis, being a male was the only factor that was associated with a higher probability of accepting screening for CRC. Factors associated with an increased probability of declining the invitation for screening for CRC included those who claimed that they would like to know whether they had cancer and those who somewhat agreed to undergo a colonoscopy if it was free of charge \[[Table 3](#T3){ref-type="table"}\]. The relative contribution of each variable in the multivariate model is shown in [Figure 7](#F7){ref-type="fig"}.

###### 

Probability of declining a screening test for CRC on multivariate modeling

  Variable                                 Multivariate model   
  ---------------------------------------- -------------------- -------------
  Sex (male)                               0.53\*               0.38-0.73\*
  Employment                                                    
   Military sector                         1.12                 0.69-1.83
   Private sector                          0.77                 0.50-1.19
   Retired                                 0.93                 0.65-1.32
   Self-employed                           0.80                 0.31-1.90
   Housewife                               0.74                 0.45-1.20
   Unemployed                              2.14                 0.88-5.49
   Student                                 0.50                 0.18-1.27
  Think CRC is common                      1.03                 0.79-1.35
  CRC can present without symptoms         0.89                 0.68-1.17
  Think CRC is curable                     0.77                 0.45-1.31
  Think CRC is preventable                 0.84                 0.55-1.28
  If I had cancer I don't want to know\*                        
   Somewhat disagree                       1.78\*               1.29-2.46\*
   Neither agree nor disagree              0.91                 0.66-1.25
   Somewhat agree                          0.93                 0.67-1.30
   Strongly agree                          1.14                 0.83-1.55
  Accept colonoscopy if free\*                                  
   Somewhat disagree                       0.89                 0.51-1.55
   Neither agree nor disagree              0.81                 0.51-1.31
   Somewhat agree                          1.58\*               1.06-2.35\*
   Strongly agree                          0.84                 0.62-1.14
  Screening is useful                                           
   Somewhat disagree                       0.36                 0.05-1.54
   Neither agree nor disagree              2.73                 0.79-15.07
   Somewhat agree                          0.47                 0.15-1.27
   Strongly agree                          1.50                 0.81-2.86
  Which screening test would you chose?                         
   CTC                                     1.31                 0.92-1.86
   Stool-based testing                     1.35                 0.96-1.88
   Flexible sigmoidoscopy                  1.46                 0.92-2.29
  Knowledge score                          0.98                 0.94-1.02

CRC: Colorectal cancer; CI: Confidence interval; CTC: Computed tomographic colonography. \*Statistically significant

![The relative contribution of each variable in the multivariate model](SJG-25-27-g007){#F7}

Subgroup analysis {#sec2-14}
-----------------

A subgroup analysis that was limited to those between the ages of 45 years and below 75 years showed no difference in the results. We also did a second subgroup analysis excluding those who had undergone a screening test for CRC in the past and again there was no difference.

DISCUSSION {#sec1-4}
==========

Saudi guidelines for CRC screening have been published\[[@ref5]\] and have been used on an opportunistic basis. The implementation of a national program has not been undertaken yet because there are major infrastructure and organizational resources that have to be addressed.\[[@ref33]\] In addition, the age-adjusted rate for neoplasia in general,\[[@ref34]\] and CRC incidence specifically,\[[@ref35]\] is low; the adenoma detection rates on colonoscopy\[[@ref7]\] are relatively low when compared with other populations, and there are no formal cost-effectiveness studies on screening for the country. These challenges have also limited the rollout of such a program.

Even then, for such a screening program to be effective, the uptake of screening should be high as whatever health resources are allocated to the program, if the uptake in the targeted population is low, it would not be able to achieve the hoped benefit and return on investment. Uptake of CRC screening varies between the method that is implemented for screening, whether colonoscopy or a stool-based test, as well as between populations. For instance, the participation rate in a screening program in the Netherlands was reported to be 68.2% as opposed to some areas of Canada, which had a rate of 16%.\[[@ref36]\] Compounding this matter is the multistage process of some of these screening tests; for example, although fecal immunochemical testing (FIT) has a high uptake when compared with endoscopic screening methods, a study from South Korea found that only 31.4% of those with a positive test underwent a colonoscopy,\[[@ref37]\] thus it might not achieve the benefit of screening. This not only represents a lost opportunity for a potentially positive intervention but also a lost investment by governments with no impact.

The knowledge, behavior, and beliefs of the public are expected to predict the response to a national CRC screening program. A few attempts of identifying the obstacles and challenges in establishing a CRC screening program in Saudi Arabia have been made,\[[@ref38]\] but most of these were limited to a number of cities,\[[@ref11][@ref15]\] while some targeted healthcare professionals\[[@ref13]\] or undergraduate students in universities\[[@ref12]\] which might not necessarily reflect the target population. It has been demonstrated that the targeted population\'s perceived severity and susceptibility to CRC and knowledge of guidelines increased the odds of screening intention,\[[@ref39]\] thus it would be pertinent to examine acceptance of the public to undergo CRC screening and to explore potential barriers. Thus, the current survey is timely and much needed especially when considering initiation of a national program for CRC screening.

The HBM is widely used to assess the likelihood of engaging in health promotion behavior. In this model, it is thought that engaging in health promotion behavior is effected by perceived benefits when compared with barriers, perceived threats, self-efficacy, cues to action, and modifying variables that could modulate all the prior variables. In addition, the perceived threats are affected by the perceived susceptibility and seriousness of the issue at hand \[[Figure 1](#F1){ref-type="fig"}\]. The questionnaire that was used in this study covers these aspects in addition to exploring the relationship between participants' behaviour and their knowledge about CRC.

There are numerous challenges in obtaining a representative sample of the general population for such a survey given the absence of a defined sampling frame as well as the time-consuming and cost-prohibitive traditional household surveys. In addition, the wide geography of Saudi Arabia compounds such challenges, thus we opted to use mobile phone surveys. Mobile phone surveys include interactive voice responses, SMS, human operators, or computer-assisted telephone interviews. The multiple dissemination tools that were used to obtain this national survey aimed to increase the representation of the sample population and the diversity of the participants given the high penetration rate for mobile phones and smart phones in Saudi Arabia.

Although there are some concerns when using mobile phone surveys which include the possibility of obtaining imbalanced responses because of limited access of some segments of the population to mobile phones secondary to income discrepancies,\[[@ref40]\] the penetrance of mobile telecommunications services in Saudi Arabia was 138.7%, while 77% of the population was using the Internet, and 88% had mobile broadband subscriptions in the third quarter of 2017.\[[@ref41]\] Also, the penetrance of social media tools in Saudi Arabia is high.\[[@ref42]\]

This study is by far the largest to address this question till date (5720 respondents) and has covered all administrative regions of the Kingdom and cuts through different social strata in terms of age, gender, education, vocation, and income. Although the percentage of males outweighed females, given the absolute number of participants, we believe that the representation of females in the survey was sufficient.

Knowledge and motivation on their own, despite their clear effect,\[[@ref43][@ref44]\] are the only facets in the continuum from health literacy to action, and numerous other factors, including those in the HBM, are important in the prediction of an individual undergoing health promotion behavior. This is clear by the finding that the mean knowledge score in our current survey was 11.05 (SD 4.4, range 1--23), which is similar to the one performed in Riyadh city in 2015\[[@ref11]\] and the knowledge score was not associated with the expression of interest in CRC screening neither was it associated with the actual acceptance of the invitation to undergo CRC screening for those located in Riyadh. Interestingly, 15.24% of the respondents had already undergone screening for CRC with the most frequently used modality being colonoscopy (72.73%) that is higher than that reported earlier.\[[@ref11]\]

Although the participants in the survey expressed interest in undergoing screening tests for CRC, when those in the Riyadh area were invited to undergo screening a proportion of those who had expressed interest declined the invitation \[[Figure 6](#F6){ref-type="fig"}\]. Even on multivariate analysis, neither knowledge nor beliefs about CRC had a major influence on the acceptance of the invitation for CRC screening. Even in previous studies, despite a reported 70.7% willingness to undergo a screening test for CRC,\[[@ref11]\] which indicates a positive attitude toward CRC screening,\[[@ref11][@ref12][@ref45]\] the uptake of CRC screening was low in those surveyed (about 6%). Whether that is a result of limited access or a lack of a national program is yet to be clarified.

This gap between intention and actual behavior has been well-documented.\[[@ref46]\] Numerous obstacles have been identified in the literature including limited access to physicians, the setting and organization of the screening program, access to the healthcare delivery system, lack of time for those intended to be screened, transportation, financial barriers, as well as fear from receiving unwanted results, and embarrassment or shame.\[[@ref47][@ref48]\] Other barriers that have been identified in qualitative studies include lack of trust in physicians, lack of symptoms, and absence or presence of a physicians' recommendation to undergo screening. In addition, competing priorities, such as psychosocial stressors or comorbid medical illness, could be barriers to screening.\[[@ref49]\]

Even from the side of healthcare providers, although primary healthcare providers had positive attitudes toward CRC screening, this did not translate into a better adherence to guidelines\[[@ref13][@ref50]\] which suggests that there is a need to bridge the gap between knowledge and implementation.

In a randomized trial from China, a multifaceted intervention that included an interaction with a health educator, bilingual materials (a video, a motivational pamphlet, an informational pamphlet, and FOBT instructions), and giving the intervention arm three stool-based test cards resulted in increase uptake of CRC cancer screening.\[[@ref51]\] This study emphasizes the effect that cues to action and modifiers can play a role in increasing the uptake of CRC screening.

Motivational factors that predict attendance behavior for screening test have been studied and are related to the theory of planned behavior\[[@ref52][@ref53]\] and the theory of reasoned action.\[[@ref54]\] In a meta-analysis that quantified how well the theories of reasoned action and planned behavior can predict intentions to attend screening programs and actual attendance behavior, attitudes appeared to be the best predictor of intentions to attend screening tests.\[[@ref54]\] Thus, it might be more appropriate to disseminate positive attitudes toward screening rather than just focusing on knowledge enhancing messages. Also, studies have found that the responses to invitations to undergo screening vary based on the proposed screening test and the inviting authority. For example, invitations for CRC screening from a hospital were perceived as a "have to undergo" test as opposed to a checkup invitation from a general practitioner\'s office which was perceived as a "should do" test.\[[@ref54]\]

Having implementation intentions in the form of specifying when, where, and how a person would make arrangements to undergo a screening test has been found to increase the probability of undergoing a screening test even when the motivation to undergo that test was equivalent between those who attended and those who did not.\[[@ref46]\] This also might indicate that a simple invitation to undergo a screening test might not be sufficient on its own to increase the uptake of screening within the targeted population.\[[@ref46]\]

Some of the limitations of this study are the use of social media as a medium of disseminating the survey. The use of social media as a source of information including validating patient-reported outcomes is an area of ongoing research and has been identified by numerous healthcare authorities as having a huge potential with the advantages of being asynchronous, not requiring face-to-face interviews, rapid, cheap, and able to be administered on a large scale.\[[@ref55][@ref56]\] All these factors were drivers for the methodology of this study. Nonetheless, there are limitations to the use of social media including whether there should be any adjustments in the analysis to account for the method of data generation;\[[@ref55]\] also, the recruited subjects might not be representative of populations that would be recruited through a traditional clinic-based approach\[[@ref57]\] or household surveys. Nonetheless, the use of digital interventions has been shown to increase uptake of CRC screening in randomized trials and such patient engagement through these low-cost platforms are gaining interest.\[[@ref58]\] Another challenge that this study could not address was the willingness of participants to undergo a confirmatory test if initial screening was positive. This shall be addressed in a following study where those who accepted screening would be enrolled in a study using a stool-based screening test.

In conclusion, although a majority of Saudis expressed the will to undergo screening, a substantially lower number accepted the invitation to undergo screening. Interestingly, the gap between "Saying yes to screening" and "Doing it" is because of multiple factors other than knowledge. We believe that this represents an opportunity to borrow concepts from behavioral economics and possible "nudge" factors that might bridge the gap between "knowing" and "doing."
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